We investigated the normative data on the hearing threshold levels of Koreans with normal tympanic membranes and the prevalence of hearing loss (HL) and nonserviceable hearing using the data from the Korea National Health and Nutrition Examination Surveys (KNHANES) during 2010-2012.
INTRODUCTION
Hearing loss (HL) is well-known to be highly prevalent, and the prevalence is expected to rise significantly with progression of the aging process. Hearing loss can impair meaningful communication and social connectivity and it is significantly related with depression regardless of age and socioeconomic state [1] . Though there have been a few reports about audiologic data and age-related hearing loss in Koreans [2] [3] [4] , there has been no report on normative audiologic data based on the distribution in Korean population with normal tympanic membranes. Level of hearing may be variable according to the demographic characteristics such as gender, ethnicity, and age [5, 6] . Therefore, comparison with a demographically-matched reference group is required to determine whether a person's hearing is normal. This information can alert clinicians or patients to the need for additional diagnostic information in cases where the hearing is out of normal range. Furthermore, the representative estimates of the population with hearing loss may support the proper distribution of public health resources for hearing rehabilitation.
The present study was undertaken to report the national audiologic reference data and the prevalence of age-related hearing loss based on the audiometric testing in Koreans with normal tympanic membranes from the Korea National Health and Nutrition Examination Surveys (KNHANES) during 2010-2012.
MATERIALS AND METHODS

Study population and data collection
The KNHANES started in 1998 to examine the general health and nutrition status of populations in South Korea. The KNH ANES is an ongoing cross-sectional survey of the civilian noninstitutionalized population of South Korea. A field survey team that included an otolaryngologist, an ophthalmologist and nurse examiners for health assessment moved with a mobile examination unit and performed interviews and physical examinations. Participants underwent a basic health assessment and otolaryngologic examination. Close history of otologic symptoms was surveyed and physical examination of the tympanic membrane, and the evaluation of hearing was conducted in participants of appropriate ages. Every year, individuals in about 4,600 households are selected from a panel to represent the population by using the multistage clustered and stratified random sampling method that is based on the National Census Data. The participation rate of selected households in the past several cycles of KNHANES was high, ranging from 76% to 82%. Although individual participants were not equally representative of the Korean population, this survey provides representative estimates of the noninstitutionalized Korean civilian population by using the power of sample weight. A sample weight was assigned to each sample individual through three steps, calculating the base weight which is the inverse of probability for an individual to be selected, adjusting for nonresponse, and poststratification adjustment to match census population control.
The study population was 16,673 participants with normal tympanic membranes over 12-year-of-age who completed audiometric testing during 2010-2012. Any participants with abnormal tympanic membranes (n=3,767), <12 years of age (n= 2,008) or insufficient data (n=1,173) were excluded. They represent the 35,882,248 individuals in South Korea ≥12 years of age. Written informed consents were obtained from all the participants prior to the survey and approval for this research was obtained from the Institutional Review Board of the Samsung Medical Center (IRB no. 2013-02-031).
Otologic examination and audiometric measurement
An ear examination was conducted with a 4-mm 0°-angled rigid endoscope attached to a charge coupled device (CCD) camera for all participants to find tympanic membrane perforation or cholesteatoma, retraction pocket, otitis media with effusion or abnormal external auditory canal.
The pure tone air-conduction threshold was measured in a sound-proof booth using an automatic audiometer (GSI SA-203, Entomed Diagnostics AB, Lena Nodin, Sweden). Six hearing thresholds were measured in each ear by pure tone audiometry using an ascending/descending technique in 5-dB steps at the frequencies of 0.5, 1, 2, 3, 4, and 6 kHz. The order of sound frequency was assigned in a random way. Hearing loss was defined as >25 dB HL in average of air-conduction hearing thresholds at 0.5, 1, 2, and 3 kHz and nonserviceable hearing was defined as >40 dB HL in average of air-conduction hearing thresholds at 0.5, 1, 2, and 3 kHz. The data were divided in seven age groups (12-19; 20-29 ; 30-39; 40-49; 50-59; 60-69; 70 and older) and thresholds were presented separately for age and gender groups. Bone-conduction thresholds were not measured in this survey.
For normative hearing threshold levels, those from the better ears were presented in centiles at each specific frequency from 250 to 6,000 Hz. The sample was divided into seven age groups (12-19; 20-29 ; 30-39; 40-49; 50-59; 60-69; 70 and older) and the hearing thresholds were presented separately for gender and age groups. In order for the hearing thresholds to be representative for the population, they were weighted on age and gender according to the participation rate in the study.
Statistical analysis
All statistical analysis was performed taking account of weights from the complex sampling design according to the guideline for analysis of KNHAENS data from Korea Centers for Disease Control and Prevention. The sampling weights were adjusted so that the total sample will represent the population for the 3-year period (2010-2012), and weight for each individual from each year divided by 3 was used in the analysis. The prevalence for hearing loss and 95% confidence interval (CI) were estimated. We analyzed the linear trend of prevalence with age using logistic regression. Two sample t-test was used to test the difference of hearing thresholds between gender at each frequency. Tukey's test for multiple comparisons was used to test the difference of hearing thresholds among age groups at each frequency. Bonferroni correction was applied to the P-value due to multiple testing or subgroup analysis. P-values were two-sided, and P<0.05
Hearing is aggravated from the 30's at all frequencies.
The prevalence of non-serviceable hearing in either ear was 6.8% (2.5 million) in Korea.
Normative hearing thresholds can be used as a reference when counseling on hearing loss.
was considered to be statistically significant. Statistical analysis was executed using SAS ver. 9.3 (SAS Inc., Cary, NC, USA).
RESULTS
The hearing threshold levels by age and gender
The hearing threshold results for each gender and age group are presented in Table 1 . The mean thresholds for each frequency as a function of age in men and women are shown in Fig. 1 . Overall, the hearing levels at some frequencies (0.5, 3, and 6 kHz) did not differ in between the 10's and 20's, but the hearing thresholds at all frequencies increased gradually from the 30's. In detail, there was no significant difference in the 10's and 20's at 0.5, 3, and 6 kHz and hearing thresholds increased with ages beyond the 20's at those frequencies (P<0.001, Tukey's test for multiple comparisons). At other frequencies (1, 2, and 4 kHz), hearing thresholds increased throughout the ages (P <0.001, Tukey's test for multiple comparisons). More specifically ( Fig. 2 ), women did not show a significant difference in hearing levels in between the 10's and 20's in all frequencies and hearing thresholds deteriorated with ages beyond the 20's at all frequencies (P<0.001). In men, there was no significant difference in hearing levels in between the 10's and 20's in all frequencies except 4 kHz and hearing thresholds increased with ages beyond the 20's at all frequencies (P<0.001).
When comparing the hearing levels in men and women, the hearing thresholds were higher in men than in women at high frequencies (3, 4, and 6 kHz) in the 30's and older (Table 2 ). In the 10's, there was no significant difference of hearing levels between men and women at all frequencies except 6 kHz. In the 20's, there was no significant difference of hearing levels between men and women at all frequencies. In the 30's and older, the hearing levels were higher in men than in women at high frequencies (3, 4, and 6 kHz). Overall, men showed higher hearing levels at high frequencies (3, 4, and 6 kHz) and lower hearing levels at low frequencies (0.5 and 1 kHz) than women (P<0.001, by two sample t-test).
The prevalence of hearing loss according to the laterality and severity Fig. 2 . Changes of mean hearing levels with ages in Korean men (A) and women (B). In men, there was no significant difference in hearing levels in between the 10's and 20's in all frequencies except 4 kHz and hearing thresholds increased with ages beyond the 20's at all frequencies (P <0.001). Women showed no significant difference in hearing levels in between the 10's and 20's in all frequencies and hearing thresholds increased with ages beyond the 20's at all frequencies (P <0.001). The prevalence of nonserviceable hearing (PTA >40 dB hearing level) in either ear of participants was 6.8% (estimates of 2.5 million). In the youngest age group (12-19 years), 1.0% exhibited hearing loss of >40 dB, and the prevalence rate increased with age up to 38.0% in oldest group (70 years and older). The prevalence rate showed an age-related increase at all frequencies (P<0.001 by logistic regression analysis). The prevalence of bilateral nonserviceable hearing was 2.5% (estimates of 0.9 million). In the youngest age group (12-19 years), 0.2% exhibited bilateral hearing loss of >40 dB, and the prevalence rate increased with age up to 20.2% in oldest group (P<0.001 by logistic regression analysis).
DISCUSSION
To our knowledge, there has been no report about normative values of hearing thresholds in Asian populations through a national survey, though there have been several reports from regional survey [7] [8] [9] [10] [11] . Table 1 displays the statistical distribution of thresholds of the Korean men and women by age. The hearing threshold values presented in this survey provide the expected values of hearing thresholds for Koreans with normal tympanic membranes. This information may be useful for clinical counseling with younger individuals presenting for audiological assessment.
The hearing thresholds in 10's and 20's (audiological reference population) obtained in this survey are around 0-6 dB HL from 500 Hz to 4,000 Hz. Theoretically, the expected value, according to the international standard, is supposed to be 0 dB HL (ISO 7029). There are several factors related to the testing procedures. The ambient noise in the test area and the use of a 5-dB step size in test signal presentation compared to smaller 2-dB steps as used in other studies may contribute to this discrepancy [12] . However, taking into account the negligible difference (≤1 dB) between the thresholds in this study and 0 dB HL especially at 1, 2, and 3 kHz (Table 1) , our audiologic data may represent the reference data base for the distribution of normal Korean population. It was reported that the median hearing threshold levels of any group of 18-20 years olds, are not zero, but on the order of +5 dB for most frequencies of 0.25-8 kHz in audio-metric surveys [13] .
There have been several reports about the prevalence of hearing loss. The present prevalence estimate of 16.5% (based on participants aged 12 years or older) is lower than those (20.3%-26.1%) derived from different countries including United Kingdom, Australia, and United States [7, [14] [15] [16] . This difference can be explained partially by the fact that we excluded any participants with abnormal tympanic membrane in this study. A recent KHANES study of the same period showed that the prevalence of hearing loss in Korean population was 22.7%, when tympanic membrane abnormalities were included [17] . Similarly, recent work has demonstrated that 20.3% of Americans 12 years and older have hearing loss (NHANES 2001 (NHANES -2008 [16] . Though the prevalence rates from national estimates may be variable according to the differences in age groups and ethnic distributions of the surveyed population, nation-wide epidemiological studies that are conducted by government organizations can provide powerful data for investigating the national prevalence of disease conditions. The representative estimates of the Korean civilian population suffering from hearing loss by using the power of sample weight may facilitate the proper and predictable allocation of public health resources aimed at hearing rehabilitation.
Our data clearly show that the prevalence of hearing loss increased with age. Age-related hearing loss may affect neural fibers, stria vascularis, and inner and outer hair cells causing progressive hearing impairment [18, 19] . In the youngest age group (12-18 years), 2.4% exhibited hearing loss in either ear, and the prevalence rate increased with age up to 75.4% in oldest group (70 years and older), which is similar to previous reports from other countries [7, [14] [15] [16] ]. An estimate of 3.2 million (a prevalence of 8.9%) had bilateral hearing loss in South Korea and 2.5 million (a prevalence of 6.8%) had nonserviceable hearing. There is a strong relationship between hearing loss in the elderly and psychosocial status, which can lead to social isolation, cognitive decline and the loss of independence [20, 21] . The most common audiologic rehabilitation approach to address adult-onset hearing impairment is the provision of hearing aids, which is well-known to improve individual quality of life [22, 23] . Due to the increase in life expectancy, hearing rehabilitation should be considered for an ageing population with hearing loss.
There are several limitations to this study. We tried to exclude conductive hearing losses by excluding any participants with abnormal tympanic membrane. As only air-conduction threshold was evaluated and bone-conduction pure tone testing was not performed in this survey, conductive hearing losses could not be entirely excluded. Also, we did not subcategorized hearing losses by specific etiologies. Particularly, the history of exposure to noise was not an exclusion criterion, given that noise is well known to induce hearing loss [24] .
In conclusions, hearing loss aggravated from the 30's at all frequencies and men showed higher hearing thresholds than women at high frequencies. Hearing loss was a common condition and the prevalence of nonserviceable hearing in either ear, which needs hearing rehabilitation to help social communication, was 6.8%. Normative pure tone thresholds at each frequency can be used as referent values when counseling patients complaining of hearing loss.
